It is developed a microscopic description of superconductivity in ferromagnetic materials with triplet pairing triggered by the exchange of magnetic fluctuations. Instead widely used paramagnon model we work with phenomenological spectrum of fluctuations in the orthorhombic ferromagnet with strong magnetic anisotropy. Depending of the field orientation parallel or perpendicular to the direction of spontaneous magnetization the effective amplitude of pairing interaction proves to be decreasing or increasing function of magnetic field that allows to explain the drastic difference in magnitudes of upper critical field in these directions.
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I. INTRODUCTION
Superconductivity in ferromagnetic state found in uranium compounds URhGe and UCoGe 1,2 exhibits peculiar superconducting properties such as extremely high upper critical field [3] [4] [5] [6] and the reentrant superconductivity in large external magnetic fields 7, 8 . These ferromagnets have orthorhombic structure with magnetic moment oriented alongĉ axis. The observed upper critical field in the directions perpendicular to the magnetization proves much higher than the paramagnetic limiting field. This unexpected for the superconductors with triplet pairing behavior 9,10 is explained by the band splitting caused by exchange interaction 11 . On the other hand, the paramagnetic limitation in a superconductor with equal spin pairing for the field parallel to the spin quantization direction is absent 9 . However, experimentally, the upper critical field in the direction of spontaneous magnetization approximately coincides with the paramagnetic limiting field in these materials. The question, why the upper critical field parallel toĉ axis is so much smaller than the H c2 in the perpendicular directions, remains open.
Another peculiar feature observed in UCoGe [4] [5] [6] for the field directed perpendicular to the spontaneous magnetization is a pronounced upward curvature. This fact cannot be explained by the field dependent increase of the effective mass probably responsible for the S-shape upper critical field along b axis behavior in the field region from 5 to 15 Tesla. Indeed, the upward curvature of H c2 (T ) along a and b directions is observed already at much smaller fields where effective mass falls down with field increase 6 stimulating the opposite that is downward curvature tendency in the H c2 (T ) behavior. The possible explanation for anomalous upper critical field curvature pointed out in the paper 4 is attributed to the crossover between two phases in a two-band ferromagnetic superconductors 12, 13 .
Here we discuss the circle of problems related to the upper critical field behavior specific for superconducting ferromagnets URhGe and UCoGe. Our treatment is based on semi-microscopic description of superconductivity in ferromagnetic materials with the Cooper pairing caused by the magnetic fluctuations. Instead of wide spread paramagnon or Fermi liquid approach to the nonphonon mechanism of superconductivity (see for instance 14 and references therein) we shall use the phenomenological description of magnetic fluctuations in the orthorhombic ferromagnet with strong spin-orbital coupling. Certainly the complete theory of triplet superconductivity in ferromagnets has to take into account the frequency dependence of the pairing interaction. The invalidity of the Migdal theorem adds, however, the supplementary troubles to the Eliashberg type theory of superconductivity in heavy fermionic materials. Leaving this problem for the future investigations 15 we shall see to what kind of qualitative conclusions one can come in frame of semimicroscopic weak coupling theory.
To investigate the effect of the pairing interaction field dependence we drop out all the orbital effects. In other words we will solve the problem of the critical temperature field dependence as if the magnetic field acts only on the electron spins. This simplification allows to demonstrate the pure effect of suppression of superconducting state for the field parallel to magnetization and the opposite effect of stimulation of superconductivity for the field directed in perpendicular to magnetization directions.
It should be noted that the proposed mechanism of pairing interaction field dependence is not an alternative to the discussed in literature mechanism related to the effective mass field dependence 6, [16] [17] [18] . Both of them make a contribution to the interplay of magnetism and superconductivity in ferromagnetic compounds. The unified treatment taking into account both mechanisms in frame of some general approach is the problem for the future.
The paper is organized as follows. The critical temperature field dependence for field orientations parallel and perpendicular to the direction of spontaneous magnetization are derived in two separate sections of the paper following each other. Both of them are based on the pairing interaction expressed through the components of susceptibility tensor derived in the Appendix.
II. PAIRING HAMILTONIAN
Following the paper 19 we introduce the interaction between electrons due to the spin fluctuations as
The matrix D ij is taken as the part of static spin susceptibility being an odd function of both of its arguments
It determines the pairing interaction for superconducting state with triplet pairing in centrosymmetric crystal and has the structure corresponding to orthorhombic anisotropy in the spin space
The corresponding p-wave interaction matrix for isotropic Fermi liquid like liquid 3 He is
The explicit form of matrices of interaction in the orthorhombic ferromagnet are derived in the Appendix. After some algebra 19 the hamiltonian Eqn.
(1) can be rewritten as hamiltonian of pairing interaction
here
The critical temperature is determined from the linearized self-consistency equation. In space homogenious case it has the following form
where
as well as the Green functions have the different form depending of the external field direction. We start from the simplest case of magnetic field parallel to the magnetization direction.
III. MAGNETIC FIELD PARALLEL TO MAGNETIZATION AXIS
For this field orientation the normal state matrix Green function iŝ
where h is the exchange field and H z is the external field. Taking the matrix of order parameter aŝ
and substituting the matrices of the Green function and the order parameter into self-consistency equation after simple algebra we come to the system of equations
Here we have introduced notations 9 In presence of the external field the equality between the Green functions is violated G ↑ = G ↓ . It leads to the lifting of the critical temperatures degeneracy for different components of order parameter. As result, the highest temperature phase transition occurs to the spin up-up pairing state known as A 1 phase of superfluid 3 He. In our case of orthorhombic ferromagnet the equations for order parameter components ∆ ↑ , ∆ ↓ , those are amplitudes of pairing of quasiparticles with spin up-up and spin down-down correspondingly, are coupled each other. The component ∆ ↑↓ corresponding to pairing of quasiparticles from spin-up band with quasiparticles from spin-down band obeys the separate equation. In the ferromagnetic state in view of the large band splitting the interband pairing superconducting state arises at definitely lower temperature than the spin up-up and spin down-down states. In the paramagnetic state in general it is not true. Here we shall not be interested in the interband pairing superconductivity. So, we deal with system of two equations (10) and (11) .
All the interaction functions D i (k, k ′ ), here i = x, y, z as one can see from Eqs. (A15), (A16) and (A17) have the same structure
Hence, the system of equations (10) and (11) have three independent solutions with different critical temperatures
Let us assume that the largest critical temperature corresponds to solution given by Eqn. (14) . Then performing all necessary integrations and summation in Eqs. (10) and (11) we come to the system of algebraic equations
According to Eqs. (A15), (A16) and (A17) the coefficients in these equations are given by
Here the angular brackets mean the averaging over the Fermi surface. N ↑ 0 (k) is the angular dependent density of electronic states at the Fermi surface of the band ↑. The corresponding coefficients g ↓ andg ↓ are obtained by the substitution ↑ to ↓ in Eqs. (18) and (19) . The function λ(T ) is
where ǫ is the energy cutoff for the pairing interaction. We assume here that it has the same value for both bands.
The zero of the determinant of the system (17) yields BCS like formula
where, the "constant" of interaction
is the function of temperature and magnetic field. Thus, the formula (21) is in fact the equation for determination of the critical temperature of the transition to the superconductig state T sc = T sc (H). Let us first consider the situation at H z = 0. Taking into account expressions (18) and (19) the equation (21) can be rewritten as
where f (T ) ∼ = const is slowly varying function of temperature. There are three different situations.
(i) The Curie temperature is much larger than the cutoff energy, that is the band splitting is large in comparison with the width of region of effectiveness of pairing interaction. This case the solution of Eq. (23) obeys inequality
An increasing of the Curie temperature say as a function of pressure shifts to the right the parabola in the right hand side of Eq. (23). Hence, its intersection with logarithm in the left hand side is shifted to lower temperature. Thus, the critical temperature of transition to the superconducting state decreases with the Curie temperature increasing as it is indeed the case in U RhGe. 20 The opposite tendency takes place at decreasing of the Curie temperature accompanying by the increasing of the superconducting critical temperature as it is in U CoGe.
5,21
(ii) The outlined above behavior, however, has no proper description in the region where the Curie temperature decreases approching to the cutoff energy. This case the formal solution of Eq. (23) is T sc = ǫ = T c . It means that we are out applicability of BCS theory. So, the proper treatment of the problem in vicinity of intersection of the T c (P ) and T sc (P ) curves is out of frame of applicability of developed approach.
(iii) Finally one can consider the situation deeply in the paramagnetic region where the solution of Eq.(23) obeys inequality
Here, a displacement of parabola to the left shifts solution of Eq. (23) to the left. Hence, the Curie temperature decrease with pressure is accompanied by the decreasing of the temperature of superconducting transition. Let us turn now to the situation with H z = 0. In the ferromagnetic state the external field in the direction of the spontaneous magnetization drastically suppresses the superconducting state. Indeed, on the one hand the field dependence of the band density of states leads to the tiny shift in critical temperatue δT sc /T sc ∼ ± µB Hz εF ln εF Tsc .
13
On the other hand, the increase of the magnetization under the influence of the parallel external field effectively suppress the coupling "constants". For instance, at temperatures well below the Curie temperature the zero field magnetization is almost temperature independent. And the right hand side of formula (21) is temperature independent as well. Then the critical temperature field dependence
is determined by the field dependence of "constants" of interaction g ↑ ,g ↑ , ... which are expressed through the field dependent magnitude of magnetization. The magnetic moment M 0 z under magnetic field ∼ 0.5 Tesla, which is of the order of the upper critical field at zero temperature, acquires ∼ 1.3 times increase in respect to its zero field value 4 . According to Eq. (18) it leads to the 4 times decreasing of the coupling constants g ↑ and g ↓ ! The decreasing of the constantsg ↑ andg ↓ (see Eq. (19)) is not so impressive, but also certainly takes place. So, the magnetic field parallel to the spontaneous magnetization effectively suppresses the pairing in the ferromagnetic state.
In the paramagnetic state in presence of the external field the coefficients g ↑ = g ↓ andg ↑ =g ↓ and given by formulae
where the magnetization has the field proportional value (see Eq.(A18)). Thus, above the Curie temperature the external magnetic field along the easiest magnetization axis suppresses the superconducting state as well as it does in ferromagnetic state for the field orientation parallel to spontaneous magnetization.
IV. MAGNETIC FIELD PERPENDICULAR TO MAGNETIZATION AXIS
For the field orientated in a perpendicular to the spontaneous magnetization direction say along b-axis it is natural to choose the spin quantization axis along the direction of the total magnetic field hẑ + H yŷ . Then the normal state matrix Green function is diagonal
The potential of interaction found in the Appendix should be rewritten in the new coordinate frame
is matrix of rotation aroundx direction on the angle given by tan ϕ = H y /h, andR mj is the transposed matrix. The system of self-consistency equations acquires the following form
Unlike to the case of parallel field here all the components of the order parameter are coupled each other. In principle one can find the solution of the whole system. However, in view of large band splitting one may neglect the last term containing the products G 
as it had in the case of parallel field given by Eqs. (10) and (11) . Hence, assuming again that the highest critical temperature corresponds to solution given by Eqn. (14) and performing all necessary integrations and summation in Eqs. (36) and (37) we come to the system of algebraic equations
According to Eqs. (A28), (A29), (A30) the coefficients in these equations are given by
The corresponding coefficients g ↓ andg ↓ are obtained by the substitution ↑ to ↓ in Eqs. (39) and (40). The zero of the determinant of the system (17) yields BCS like formula
is the function of temperature and magnetic field. The easiest way to follow up the critical temperature field dependence is to consider temperature region well below the Curie temperature where the zero field magnetization is almost temperature independent. And the right hand side of formula (41) is temperature independent as well. Then the critical temperature field dependence
is determined by the field dependence of "constants" of interaction g ↑ ⊥ ,g ↑ ⊥ , ... originating from the field dependent trigonometric factors
and the field dependent magnitude of magnetization M z (H y ) to be determined from Eqs (A21) and (A22). The trigonometric factors are changed with H y on the scale of exchange field. Hence, if the M z (H y ) is just slightly decreased at H y ∼ H c2y ≪ h, as it is in URhGe in the region of moderate fields 3,7 , where M z (H y = 0) is big enough, then the critical temperature slowly decreases due to field dependence of trigonometric factors;
Obviously, this corresponds to small paramagnetic suppression of superconductivity have been considered in the paper 11 . Another situation takes place in UCoGe. Here the magnitude of zero field magnetization M z (H y = 0) is significantly smaller. Apparently, the field induced decrease of M z (H y ) in this material is faster 24 , that leads to the effective increasing the "constants" of interaction g ↑ , g ↓ despite of its decrease due to the trigonometric factors. This mechanism explains the effect of upward curvature in the temperature dependence of the upper critical fields in a and b directions observed in UCoGe [4] [5] [6] . At the same time the phenomenon of S shape temperature dependence of the upper critical field in b-direction apparently related with significant increase of effective mass 6 observed in field interval from 5 to 15 Tesla. Out this interval for field in b-direction and for any field in a-direction the average value of effective mass decreases with field increase and cannot be responsible for the effect of the stimulation of superconductivity.
V. CONCLUSION
We have studied the magnetic field dependence of pairing interaction induced by magnetic fluctuations in the ferromagnetic superconducting compounds URhGe and UCoGe with orthorhombic crystal structure.
For the field orientation along the spontaneous magnetization there was demonstrated the effect of suppression of fluctuations and, hence, of the superconductivity by magnetic field. The leading role plays here the suppression of longitudinal fluctuations determining the constants g ↑ and g ↓ given by Eq. (18) , that corresponds strongly anisotropic Izing like magnetism in uranium compounds 4, 23 . For the field directed perpendicular to the spontaneous magnetization the field dependence of the constants of interaction is determined by interplay of paramagnetic suppression of superconductivity which is significantly weakened in the ferromagnetic superconductors 11 and the effect of stimulation of superconductivity by means the increasing of longitudinal magnetic fluctuations magnetic field given by Eq. (39).
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